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Section  I 

BACKGROUND 


Belvoir  Research,  Development  and  Engineering  Center  (BRDEC)  was  tasked  by  Natick  RD&E 
Center  to  test  and  evaluate  the  Migrating  Combustion  Chamber  (MCC)  engine  concept  as  developed 
by  Engine  Research  Associates  (ERA).  This  evaluation  supplements  the  technology  assessment 
effort  undertaken  as  part  of  the  Individual  Soldier  Power  Front  End  Analysis.  Mr.  F.L.  Erickson 
invented  the  basic  MCC  engine  in  1969  and  patented  it  in  1971 .  Further  development  and 
refinements  by  Mr.  Erickson  led  to  patents  in  1982  and  1984,  both  of  which  included  descriptions  of 
the  operational  cycle  of  the  engines.  The  development  of  the  MCC  engine  in  various  configurations 
and  sizes  continues  today  with  the  help  of  private,  industrial,  and  government  funding. 

Mr.  Erickson  envisions  that  the  MCC  engine  will  have  an  improved  thermal  efficiency  that  increases 
its  fuel  economy  by  25  percent  when  compared  to  conventional  engines.  Other  characteristics 
ascribed  to  this  engine  concept  are  very  quiet  operation,  reduced  exhaust  gas  temperature,  low 
vibration  levels,  multi-fuel  capability,  and  high  power/weight  and  power/volume  ratios. 

DESCRIPTION 

The  MCC  engine  operates  differently  than  a  conventional  reciprocating  piston  engine.  In  a 
conventional  piston  engine,  high  temperature  and  pressure  exhaust  gases  are  vented  following  the 
power  stroke  while  still  at  relatively  high  temperatures  and  pressures.  In  the  MCC  engine,  the  hot 
gases  from  the  initial  explosion  are  “captured”  and  expanded  further  in  a  secondary  chamber.  The 
MCC  engine  concept  attempts  to  extract  more  of  the  energy  of  the  gas  using  only  the 
combustion/expansion  process.  A  simple  mechanism  consisting  of  three  simply  constructed  moving 
parts  (see  Figure  1)  is  used.  The  moving  parts  form  four  chambers  of  variable  volume,  an  intake 
chamber,  a  primary  combustion/expansion  chamber,  a  secondary  expansion  chamber,  and  an  exhaust 
chamber. 

TTie  carburetor  introduces  the  air/fuel  mixture  into  the  intake  chamber.  This  mixture  is  further 
agitated  as  it  moves  to  the  second  chamber  for  the  compression-combustion  part  of  the  cycle;  this  is 
the  only  chamber  where  combustion  occurs.  After  the  ignition  and  combustion  processes  occur,  the 
hot  gas  expands,  pushing  the  MCC  “piston”  through  its  cycle.  This  expanding  gas  is  ported  to  the 
third  chamber,  which  acts  as  the  secondary  expansion  chamber,  where  it  gives  up  more  of  its  energy 
to  the  process.  The  gas  is  finally  eliminated  through  the  fourth  chamber,  which  is  the  exhaust 
chamber. 

The  chambers  really  work  as  two  pairs;  the  first  and  the  third  chambers  work  together  and  the  second 
and  the  fourth  chambers  work  together.  The  expansion  of  the  primary  combustion/expansion 
chamber  forces  exhaust  gas  out  of  the  exhaust  chamber.  The  expansion  of  the  hot  combustion  ga.scs 
formed  in  the  primary  combustion/expansion  chamber  continues  in  the  secondary  chamber  until  the 
gases  reach  a  pressure  close  to  atmospheric.  The  expansion  of  the  secondary  expansion  chamber 
forces  the  air/fuel  mixture  from  the  intake  chamber  into  the  primary  combustion/expansion  chamber. 
Gas  circulation  is  controlled  by  ports  and  the  movement  of  the  “pistons.”  Figure  2  presents  a 
pressure-volume  diagram  comparison  of  the  MCC  engine  versus  a  conventional  engine. 
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Figure  1.  Break  Out  of  MCC  Engine 
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Figure  2.  Pressure  Volume  Diagram  Comparison 


PHYSICAL  CHARACTERISTICS 

The  engines  tested  at  BRDEC  have  a  displacement  of  0.8  cubic  inch  and  a  7:1  compression  ratio. 

The  engine  and  starting  mechanism  weighs  S.  1  pounds,  the  ignition  system  weighs  0.3  pound,  and  an 
added  flywheel  weighs  1.4  pounds.  The  total  weight  of  the  assembled  unit  is  6.8  pounds. 

The  assembled  units  are  5.75  inches  wide,  5.5  inches  high,  and  7.0  inches  long.  No  cooling  system 
(fan  and/or  shroud)  was  provided.  Engine  Research  Associates  rates  this  engine  at  0.4  horsepower 
when  operating  at  4,400  revolutions  per  minute  (rpm).  Front  and  back  views  of  an  assembled  MCC 
engine  are  shown  in  Figures  3  and  4. 
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Figure  3,  Assembled  MCC  Engine  —  Front  View 
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Fimirc  4.  Assfnibled  MCC  Friyim* —  Rack  \  icw 
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PURPOSE 


BRDEC  tested  and  evaluated  the  migrating  combustion  chamber  engine  to  independently  detenriine 
the  operability  and  operating  characteristics  of  this  novel  engine  concept  for  Natick  RD&E  Center. 
An  engine  which  met  its  inventor's  vision  would  be  a  competitor  for  application  in  the  Soldier 
Individual  Power  Source  development  effort  To  compare  the  engine’s  capabilities  with  the  goals  of 
the  development  effort,  the  Test  Plan  called  for  a  performance  test  followed  by  500  hours  of 
endurance  testing. 


6  Evaluation  of  the  Migrating  Combustion  Chamber  (MCC)  Engine 


Section  II 

DISCUSSION 


Informalion  provided  to  BRDEC  to  support  the  MCC  engine  lest  included: 

1.  An  SAE  Paper  written  by  Mr.  Frederick  L.  E.ickson  and  Mr.  George  S.  Lewis  of  Engine 
Research  Associates  (ERA).  Inc.,  Fort  Wayne,  IN,  describing  the  unique  design  of  this 
engine,* 

2.  A  paper  written  by  Mr.  George  S.  Lewis  presented  at  Belvoir  RD&E  Center.^ 

3.  A  scientific  and  technical  report  prepared  by  ERA  Inc.  for  Natick  RD&E  Center,^  and 

4.  The  statements  of  BRDEC’s  point  of  contact  at  Natick,  Mr.  John  Bartell. 


Mr.  Bartell  recommended  that  the  engine  housing  temperature  not  exceed  2C)0°F  during  operation. 
This  temperature  was  monitored  by  a  thermocouple  placed  near  the  spark  plug  of  the  engine.  Mr. 
Bancll  further  recommended  installing  a  flywheel  approximately  3/8  inch  thick  and  4  inches  in 
diameter  (see  Figures  5  and  6),  not  exceeding  a  speed  of  4,500  rpm,  and  u.sing  a  fuel/oil  mixture  of 
10:1.  All  of  the  testing  was  done  using  low  lead  gasoline  and  AMZOIL  synthetic  oil  for  two  stroke 
engines. 
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Figure  5.  Flywheel  Installation  and  Thermocouples 


Natick  supplied  an  engine  of  an  earlier  design  for  the  initial  testing  in  order  to  familiarize  BRDEC 
with  this  new  technology.  BRDEC  was  cautioned  that  this  engine  was  not  representative  of  the 
perfoimance  of  units  to  be  shipped  later  for  fonnal  testing  because  it  did  not  include  the  latest  design 
and  operational  improvements.  For  example,  the  engine  did  not  have  a  cooling  fan  and  the  starting 
mechanism  was  faulty. 

To  learn  the  nuances  of  how  this  engine  operates,  a  test  fixture  was  designed  incorporating  a 
permanent  magnet  starter/generator  with  a  very  low  inertia  to  start  the  engine.  The  starter/goierator 
made  it  possible  to  electrically  spin  the  engine  until  it  started  and  then  to  load  it  to  estimate  the 
engirK’s  performance. 

A  very  powerful  fan  was  connected  to  a  custom-made  case  that  sealed  the  periphery  of  the  engine 
housing  and  ensured  the  cooling  needed  to  keep  engine  surface  temperatures  below  2O0PF.  A 
thermocouple  attached  to  the  engine  center  housing  in  the  vicinity  of  the  spark-plug  continuously 
monitored  the  engine  temperature  (see  Figures  S  and  7). 

The  oigine  was  hard  to  start  at  70°F  ambient  temperature.  Careful  coordination  between  the 
carburetor  choke  and  throttle  was  necessary  while  the  engine  was  spun  by  the  electric  starter. 
Constant  carburetor  adjustments  were  necessary  to  keep  this  oigine  rurming. 


Figure  7.  Location  of  TheniKKouples  Placed  on  Housing 
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Although  carburetor  adjustments  were  made,  the  engine  was  never  able  to  operate  continuously  for 
more  than  five  minutes.  Attempts  were  made  to  run  the  engine  at  temperatures  from  200°F  to  70°F 
by  using  the  cooling  fan  to  control  the  engine  temperature,  but  to  no  avail.  After  about  25  minutes  of 

operation,  oil  started  seeping  from  the  engine  along  the  scams  where  the  housings  meet.  The  bolts 

which  secure  the  housings  were  examined  and  found  to  be  tight.  The  engine  was  restarted,  but  it 
developed  a  knocking  noise  and  all  activities  with  engine  number  one  were  discontinued. 

The  second  engine  provided  by  Natick  was  used  to  take  actual  measurements.  The  engine  was 
delivered  with  a  starter  mechanism  but  without  a  cooling  fan,  so  a  cooling  system  similar  to  the  one 
used  for  the  first  unit  was  fabricated. 

A  dynamometer-based  test  set-up  was  used  to  perform  the  testing  on  the  second  engine.  The 
apparatus  is  depicted  in  Figures  8  and  9;  it  consisted  of  the  following  items; 

•  MAGTROL  Model  4615B  Dynamometer 

•  MAGTROL  Model  4629B  Dynamometer  Controller 

•  Kurtz  Model  505-11-00  air-flow  meter 

•  several  thermocouples  connected  to  an  OMEGA  Model  1 15KF  multiple  readout 

•  OHAUS  electronic  readout  weight  scale 

Appendix  A,  “Test  Plan  for  the  MCC  Engine.”  lists  the  test  procedures.  The  parameters  monitored 
during  the  test  were: 

•  engine  speed 

•  engine  shaft  torque 

•  engine  shaft  power  output 

•  engine  fuel  consumption 

•  ambient/intake  air  temperature 

•  engine  exhaust  gas  temperature 

•  engine  housing  temperature 

•  engine  cooling  air  flow 

The  starting  procedure  was  similar  to  the  one  used  for  the  first  engine.  Starting  required 
continuous  adjustment  of  the  choke  and  throttle  of  the  carburetor.  However,  external  pre -heating  of 
the  engine  housings  to  about  190°F  improved  its  ability  to  start. 
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Kiniirf  S.  Test  Set-Up  McasiirotiK'nl  Apparaliis 


EriG'.MF  cool  IfJO  AIR  FAN 


During  the  test,  it  was  found  that  no  one  setting  of  the  carburetor  ensured  a  steady  engine 
performance  over  the  desired  range  of  speed  (2,500  to  4.5(X)  rpm)  and  power.  While  a  leaner  air/fuel 
mixture  would  be  beneficial  for  the  specific  fuel  consumption  and  for  smoother  engine  running,  a 
much  richer  mixture  was  needed  to  start  the  engine.  The  air/fuel  ratio  was  changed  by  changing  the 
carburetor  setting. 

The  engine  was  not  governed,  making  it  difficult  to  maintain  a  steady  state  operation  (constant  speed 
and  load)  for  more  than  a  few  minutes.  The  engine  did  not  accept  a  measurable  load  at  speeds  below 
2,500  rpm.  Under  these  circumstances,  a  limited  number  of  readings  were  selected  for  the  graphic 
representation  of  the  power,  torque,  and  fuel  consumption  vs.  engine  .speed. 

The  graphic  representation  of  the  data  taken  (see  Figure  10)  shows  that  the  MCC  performance 
resembles  the  general  profile  of  any  internal  combustion  engine.  However,  the  MCC  engine  has  less 
power  and  torque  and  greater  fuel  consumption  than  a  piston  engine  of  similar  displacement.  The 
Brake  Specific  Fuel  Consumption  (BSFC)  of  the  MCC  engine  as  measured  in  these  tests  is  about 
twice  that  of  a  comparable  power  reciprocating  engine. 

During  a  test  run  of  this  engine,  the  starting  mechanism  experienced  a  failure  when  its  sprag  clutch 
seized  on  the  engine  shaft.  Brass  shavings  were  found  inside  of  the  starter  housing  on  the  engine 
when  it  was  disassembled.  Inspection  revealed  that  the  sprag  clutch/pulley  assembly  had  engaged 
the  brass  counterweight  located  adjacent  to  it  on  the  shaft.  This  appears  to  have  been  caused  by 
excessive  axial  play  of  the  crankshaft. 

This  interference,  which  occurred  while  the  engine  was  operating,  could  explain  why  the  engine  was 
unable  to  develop  the  expected  horsepower.  The  brass  shavings  and  continuous  rubbing  on  the 
counterweight  would  act  as  an  internal  brake,  consuming  a  portion  of  the  power  before  it  was 
delivered  to  the  dynamometer. 

Another  intrinsic  problem  with  the  MCC  engine  is  the  sealing  of  the  “piston”  housing.  The  housing 
is  made  up  of  three  parts;  a  central  housing,  a  front  cover,  and  a  back  cover.  The  sealing  surfaces  are 
depicted  in  Figures  11  and  12.  Both  the  first  and  the  second  engine  leaked  oil  from  their  housing 
seams  while  operating. 
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BSFC  (LB/HR/HP)  TORQUE  (IN-LBS)  POWER  (HP) 
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Figure  II.  .Sfalinj;  .Surfacfs  —  View  1 
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Figure  12.  Sealing  Surfaces  —  View  2 


Evaluation  of  the  Migrating  Combustion  Chamber  (MCC)  Engine  1 7 


Thermocouples  were  added  to  the  back  engine  cover  in  an  effort  to  determine  whether  or  not  a 
temperature  gradient  existed  across  the  engine.  A  temperature  gradient  could  cause  the  housing 
covers  to  warp,  resulting  in  an  imperfect  sealing  surface.  Subsequent  measurements  made  on  the 
running  engine  indicated  a  temperature  gradient  acro.ss  the  rear  face  of  the  engine.  Figure  7  shows 
the  locations  of  the  thermocouples.  The  recorded  temperatures  are  documented  in  Appendix  C,  Test 
Number  05.  The  lowest  temperatures  occurred  along  the  side  of  the  engine  where  the  intake  charge 
was  introduced.  This  result  would  be  expected  since  the  air/fuel/oil  mixture  which  is  at  ambient 
temperature  conditions  tends  to  cool  this  section  of  the  engine. 

The  warmest  part  of  the  engine  was  the  fourth  chamber  where  the  exhaust  gases  arc  pumped  into  the 
aUTiosphere.  The  temperatures  demonstrated  an  average  temperature  gradient  of  approximately  50^F 
from  the  exhaust  chamber  to  the  intake  area. 

The  second  engine  became  increasingly  difficult  to  start  as  the  testing  progressed.  After  two  pull 
starters  failed,  the  second  cannibali/ed  from  engine  number  one.  modifications  were  made  to  the  test 
set-up  which  made  it  possible  to  start  the  engine  with  an  electric  starter  motor.  The  starter  motor  was 
momentarily  engaged  with  a  coupling  on  the  engine  shaft  and  used  to  spin  the  engine.  Even  with  the 
aid  of  the  starter  motor,  the  engine  was  unable  to  sustain  operation.  Tests  on  engine  number  two 
were  concluded. 

The  third  engine  was  mounted  on  the  dynamometer  but  was  never  able  to  run  for  more  than  one 
minute.  Carburetors  were  switched  between  the  second  and  third  engines  to  rule  out  the  possibility 
of  a  bad  carburetor.  Switching  carburetors  did  not  make  the  third  engine  operable.  It  was  noticed 
that  when  the  engine  was  spun  with  the  electric  starter  at  .speeds  of  approximately  2.0(X)  rpm,  oil 
leaked  from  between  the  center  housing  and  both  covers.  Bubbles  of  black  oil  were  blowing  out 
along  these  seams,  indicating  a  fairly  large  compression  leak.  With  this  ob.servalion,  testing  was 
concluded. 

DISCUSSION  OF  TEST  RESULTS  AND  OBSERVATIONS 

The  MCC  engines  tested  produced  a  maximum  of  0,25  horsepower  at  4,400  rpm  and  a  peak  torque  of 
69  oz-in  (0.22  hp)  at  3,2(X)  rpm.  This  maximum  power  is  60  percent  of  the  developer’s  nominal 
rating  for  this  engine. 

The  fuel  consumption  data  points  were  widely  .scattered.  As  an  aid  to  understanding  the  data, 
.sequentially  measured  values  were  tabulated  (.see  Table  1)  and  plotted  (see  Figure  13).  Tracing  the 
sequence  of  accumulated  data  points,  a  learning  curve  due  to  refining  the  adjustment  of  the 
carburetor  .settings  is  clearly  vi.sible.  In  calculating  the  conversion  efficiency,  the  energy  deasity  of 
gasoline  is  taken  as  5.53  kilowatt-hours  per  pound.  This  value  is  then  reduced  by  allowing  for  the 
approximately  9:1  fuel  to  oil  ma.s.s  ratio  in  the  mixture,  and  assuming  that  no  energy  is  derived  from 
or  lost  to  the  oil.  For  the  condition  of  0.25  hp  delivered  while  consuming  4.0  grams/minutc  of  fuel¬ 
oil  mix,  the  calculated  conversion  efficiency  is  7  percent.  This  gives  a  specific  fuel  mixture 
consumption  of  2. 86  pounds  per  kilowatt-hour.  The  conversion  efficiency  for  the  best  performance 
observed  is  7.1  percent. 
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Table  1.  Engine  Data 


Energy  Balance 


Data  Point 

Date 

Torque 

Speed 

Power 

Air  Flow 

T1 

T2 

Delta  T( 

Number 

(oz-in) 

(rpm) 

(hp) 

(CFM) 

(°F) 

(■’F) 

2 3 -Aug 

1 

3470 

0.004 

165 

82 

114 

17 . 78 

2  3  -Aug 

1 

3500 

0.003 

105 

81 

127 

25.56 

05-Sep 

1.6 

3100 

0 

36.5 

77 

90 

7.22 

1 

05-Sep 

1.7 

3400 

0 

86 . 5 

77 

93 

8 . 89 

2 

06-Sep 

11.2 

4200 

0.048 

75 

105 

16.67 

06-Sep 

18.4 

4500 

0.082 

103 . 4 

76 

110 

18.89 

06-Sep 

27 . 2 

4500 

0.12 

103 . 4 

76 

119 

23.89 

3 

06-Sep 

23.4 

4500 

0.01 

140 

77 

99 

12 . 22 

4 

07-Sep 

37.6 

2600 

0.095 

78.6 

75 

122 

26.11 

5 

07-Sep 

35 

3000 

0.1 

102 

77 

122 

25.00 

6 

07-Sep 

32 

4000 

0.122 

163 

82 

125 

23.89 

7 

07-Sep 

38.7 

4000 

0.155 

163 

82 

124 

23.33 

8 

07-Sep 

38 

4250 

0.16 

180 

85 

125 

22.22 

9 

07-Sep 

37 

4500 

0.17 

183 

86 

127 

22.78 

13 -Sep 

1.8 

1440 

0.002 

91 

69 

93 

13.33 

10 

13-Sep 

57 

3400 

0.191 

102 

71 

115 

24.44 

11 

13-Sep 

50.2 

2486 

0.123 

78.5 

70 

121 

28.33 

12 

13-Sep 

58.8 

3147 

0.183 

155 

80 

119 

21.67 

13 

13-Sep 

69 

3211 

0.219 

140 

79 

120 

22 . 78 

14 

13-Sep 

56.8 

4281 

0.241 

153 

78 

131 

29.44 

15 

13-Sep 

54 

3660 

0.196 

153 

80 

115 

19.44 

16 

13-Sep 

56.6 

4418 

0.248 

161 

80 

135 

30.56 

17 

13-Sep 

48.4 

4750 

0.228 

150 

81 

142 

33.89 

13-Sep 

35.2 

4750 

0.184 

150 

81 

142 

33.89 

13-Sep 

35 

5080 

0.22 

150 

81 

140 

32.78 

18 

16-Sep 

46 

3310 

0.145 

115 

77 

91 

7.78 

16-Sep 

42 . 6 

3309 

0.149 

101 

78 

95 

9.44 

16-Sep 

40.8 

3314 

0.133 

102 

78 

95 

9 . 44 

Energy  Balance 

Data  Point 

Date 

*  Q/hour 

Fuel 

lb/ kWh 

kWh/ lb 

Fuel 

Conversion 

Number 

BTU/hr 

Rate 

Equivalent 

Efficiency 

(g/min) 

Power 

(%) 

(BTU/hr) 

2 3 -Aug 

5368 

2 3 -Aug 

4911 

05-Sep 

1143 

1 

05-Sep 

1407 

5 

11347 

0.0 

2 

06-Sep 

6.1 

22 . 5 

0 . 0444 

13843 

0.9 

06-Sep 

3574 

06-Sep 

4520 

3 

06-Sep 

3131 

6 

10.23 

0.0978 

13616 

0.2 

4 

07-Sep 

3756 

3 

5.486 

0. 1823 

6808 

3.6 

5 

07-Sep 

4667 

4.5 

7.676 

0. 1303 

10212 

2 . 5 

6 

07-Sep 

7126 

3.7 

5.168 

0. 1935 

8397 

3.7 

7 

07-Sep 

6960 

3.8 

4 . 377 

0.2285 

8624 

4 . 6 

8 

07-Sep 

7320 

3.9 

4.324 

0.2313 

8851 

4.6 

9 

07-Sep 

7628 

4.6 

6.447 

0.1551 

10439 

4 . 1 

13-Sep 

2220 

10 

13-Sep 

4563 

3.5 

3.234 

0.3092 

7943 

6.1 

11 

13-Sep 

4070 

3 . 3 

4.721 

0.2118 

7489 

4.2 

12 

13-Sep 

6146 

3.5 

3.374 

0.2964 

7943 

5.9 

13 

13-Sep 

5836 

3.5 

2.822 

0.3544 

7943 

7.0 

14 

13-Sep 

8244 

3.8 

2.797 

u.  3575 

8624 

7.1 

15 

13-Sep 

5444 

4 

3.62 

0.2762 

9078 

5.5 

16 

13-Sep 

9003 

4 

2.861 

0.3495 

9078 

7.0 

17 

13-Sep 

9303 

4 

3 . 112 

0.3213 

9078 

6.4 

13-Sep 

9303 

13-Sep 

8998 

18 

16-Sep 

1637 

4 . 1 

4 .817 

0.2076 

9304 

16-Sep 

1746 

16-Sep 

1763 

*  Heat  rejected  to  cooling  airstream 


K) 


Evaluation  of  the  Migrating  Combustion  Chamber  (MCC)  Engine  1 9 


8 


1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17 

Data  Points 


Figure  13.  Conversion  Efficiency  in  Chronological  Order  of  Data  Taken 


In  an  effort  to  verify  the  accuracy  of  the  fuel  consumption  data  acquired  in  the  engine  tesLs,  an  energy 
balance  was  performed.  The  pov.  :r  output,  the  heat  rejected  by  the  cooling  ~ins  to  the  cooling  air 
stream,  and  the  heat  rejected  in  the  exhaust  stream  were  summed  and  compared  to  the  energy  content 
of  the  gasoline  consumed  by  the  engine.  The  test  apparatus  used  in  these  tests  did  not  include  a 
combustion  products  analyzer,  so  the  a.ssumption  was  made  that  the  products  of  combustion  included 
only  carbon  dioxide,  water,  and  nitrogen.  A  calculation  done  on  the  data  which  indicated  the  highest 
power  output  showed  the  following: 

Heat  Rejection  (Cooling  Air)  9,(X)3  BTU/HR 

Heat  Rejection  (Exhaust)  470  BTU/HR 

Power  Output  (0.248  HP)  630  BTU/HR 

Total  10.103  BTU/HR 

Total  Energy  Input  (4.0  g/miri)  9,078  BTU/HR 

This  calculation  indicates  that  the  engine  rejects  1 10  percent  of  the  energy  available  to  it.  This  result 
is  obviously  incorrect  since  it  violates  the  conservation  of  energy  law. 
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Explanations  of  the  inaccuracy  of  this  result  involve  the  test  apparatus.  Only  one  thermocouple  was 
used  to  measure  the  temperature  of  the  outgoing  cooling  air.  The  temperature  of  the  air  should  have 
been  averaged  over  the  area  of  the  cooling  air  outlet.  This  would  have  given  a  more  accurate  result 
and  helped  to  pinpoint  the  areas  of  the  engine  where  the  most  heat  transfer  was  occurring.  The 
second  problem  involves  inadequate  scaling  of  the  cooling  air  duct  where  it  was  attached  to  the 
engine.  Any  loss  of  cooling  air  mass  flow  occurring  downstream  of  where  the  mass  flow  is  measured 
but  upstream  of  the  engine  cooling  fins  would  result  in  an  artificially  high  indicated  heat  transfer. 

This  can  be  readily  seen  in  the  heat  transfer  equation  used  to  calculate  these  values;  as  the  mass  flow 
(M)  increa.ses  the  heat  transfer  (Q)  increases,  Q=  MCp(T2-Tl).  The  other  significant  possibility  of 
error  was  in  the  measurement  of  fuel  consumption.  Tlie  engine  was  unable  to  cany  load  over  a  long 
period  of  time  with  stability.  This  limited  the  time  in  which  fuel  consumption  could  be  measured, 
and  therefore  limited  the  accuracy  of  the  fuel  consumption  measurement  and  made  achieving  thermal 
equilibrium  problematic.  The  test  results  are  not  without  merir  as  the  numbers  do  agree  within  10 
percent,  and  any  energy/power  contribution  from  burning  a  portion  of  the  lubricating  oil  in  the 
mixture  is  ignored. 

Poor  thermal  performance  can  be  attributed  to  the  large  surface  to  volume  ratios  of  the  combustion 
chamber,  poor  combustion  chamber  design,  and  the  possible  loss  of  compression  when  the  engine  is 
running.  The  combustion  chambers  of  the  MCC  are  generally  cylindrical;  they  have  a  high  surface 
area  from  which  heat  can  be  transferred  and  not  utilized  to  make  power.  The  ideal  combustion 
chamber  is  spherically  shaped,  the  sphere  providing  the  lowest  surface/volume  ratio,  and  has  a  high 
degree  of  turbulence  or  mixing.  Part  of  the  problem  in  these  engines  may  be  that  the  spark  plug  was 
recessed  approximately  one  quarter  of  an  inch  from  the  combustion  chamber,  which  could  adversely 
affect  the  initiation  of  combustion,  especially  at  low  speeds  (starting). 

TTie  temperature  gradient  measured  across  the  engine  could  also  have  had  an  effect  on  the  engine 
performance.  Also,  the  engines  leaked  oil  from  the  seams  in  the  engine  housing.  The  third  engine 
actually  blew  bubbles,  indicating  a  loss  of  compression  in  the  engine.  Having  cooling  fins  on  the 
engine  adjacent  to  the  combustion  chambers  and  missing  from  the  area  adjacent  to  the  exhaust 
chamber  created  a  temperature  gradient  In  the  tests  run  with  additional  thermocouples,  the  gradient 
was  found  to  be  approximately  50°F.  This  could  be  enough  of  a  difference  to  open  engine  clearances 
by  0.001  to  0.002  inch,  the  clearance  tolerance  for  the  engine.  The  resulting  loss  of  compression 
would  adversely  affect  the  efficiency  of  the  engine. 

Although  the  performance  of  the  small  displacement  MCC  engines  evaluated  by  BRDEC  would  not 
qualify  the  hardware  as  a  candidate  for  the  Individual  Power  program,  the  general  concept  of  this 
engine  is  very  original.  The  efficient  use  of  the  energy  from  tiic  high  pressure  and  hot  exhaust  gases, 
which  is  wasted  in  reciprocating  engines,  would  indeed  increase  the  efficiency  of  this  type  of  engine. 
However,  it  is  difficult  to  quantify  the  amount  of  resources  necessary  to  optimize  the  MCC  engine. 

At  a  minimum  some  of  the  key  elements  which  need  to  be  addressed  during  future  redesign  and 
development  are  the  combustion  process  optimization,  engine  materials,  and  engine  cooling. 
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Section  III 

CONCLUSION 


The  MCC  engine  is  a  creative  concept  that  demonstrates  several  merits.  It  is  light,  weighing  about  5 
pounds.  By  observation  it  seems  to  have  low  noise  and  vibration  levels,  though  no  quantitative  data 
was  recorded.  Its  exhaust  temperature  is  lower  than  other  internal  combustion  engines  at  comparable 
power  output:  an  exhaust  temperature  of  360“F  for  the  MCC  engine  versus  an  exhaust  temperature  of 
4(X)°F  to  420°F  for  a  two  stroke  reciprocating  engine.  An  MCC  engine  with  a  net  output  of  0.4 
horsepower  could  be  a  potential  candidate  for  individual  man-portable  power  sources.  It  would  have 
to  provide  the  improved  fuel  energy  conversion  efficiency  that  the  concept  promises  arrd  be  weight 
optimized  to  be  considered  because  its  relatively  low  speed  renders  it  uncompetitive  on  a  power 
density  basis  with  existing  model  engines  (1-2  hp/lb).  It  must  be  emphasized  that  this  engine  is  a 
developmental  prototype.  Various  design  iterations  will  be  required  in  order  to  achieve  acceptable 
levels  of  performance  and  longevity.  Also,  the  use  of  specialized  or  specially  treated  materials  (such 
as  ceramic  coatings  and  plating  of  the  seals)  may  be  needed  to  isolate  the  heat  of  combustion  and 
decrease  frictional  losses. 
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TEST  PLAN 


TEST  PLAN 
FOR 

THE  EVALUATION  OF  THE 
MIGRATING  COMBUSTION  CHAMBER  ENGINE 


DATE 

8/20/91 
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PURPOSE 


These  tests  shall  determine  the  operational  characteristics  and  particular  performance  of  the 
migrating  combustion  chamber  engine. 

SCOPE 

One  migrating  combustion  chamber  engine  shall  be  subjected  to  performance  testing  followed  by 
500  hours  of  endurance  testing. 

PROCEDURE 

I.  Pretest  Engine  and  Engine  Inspection/Pncparation 

A.  Inspection 

Review  engines’  operational/maintenance  history  and  perform  a  visual  inspection  for 
damage.  If  a  potential  problem  area  is  noted  for  a  given  engine,  the  engine  will  be  replaced 
by  another  provided  by  the  Natick  RD&E  Center. 

B.  Preparation 

Install  the  engine  on  the  test  bed.  Install  the  flywheel  and  the  flexible  coupling  between  the 
engine  and  the  dynamometer  shafts.  Connect  the  engine  to  the  selected  instrumentation  and 
to  the  cooling  installation. 

II.  Testing 

A.  Performance  testing 

Graphs  of  the  engine  performance  characteristics  will  be  plotted  after  the  completion  of  the 
following  tests; 

1 .  Maximum  power  test 

A  maximum  power  vs.  speed  graph  will  be  plotted  after  taking  measurements  of 
maximum  power  at  speeds  between  3,000  and  4,500  rpm  using  250  rpm  increments.  All 
data  points  will  be  taken  at  WOT  (Wide  Open  Throttle). 

2.  Speed  curves 

Several  power  vs.  manifold  pressure  graphs  will  be  plotted  after  taking  data.  For  each 
measurement,  the  speed  will  be  held  constant.  The  set  speeds  will  begin  at  3,000  rpm 
and  increase  to  4,500  rpm  in  250  rpm  increments.  The  manifold  pressure  increases  with 
an  increase  in  the  throttle  opening.  The  power  will  be  measured  from  the  lowest  opening 
of  the  throttle  that  allows  the  engine  to  run  smoothly  up  to  WOT  in  0. 1  horsepower 
increments. 
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Both  tests  will  be  performed  with  the  carburetor  adjusted  for  “best  power”  at  4,500  rpm 
and  WOT  and  for  “best  economy”  at  4,500  rpm  and  WOT. 

B.  Endurance  testing 

A  500  hour  endurance  test  wilJ  be  performed  after  the  maximum  power  test  and  speed  curves 
performance  *ests  are  completed.  The  following  load  cycle  will  be  used  for  the  endurance 
test:  One  quarter  of  the  test  time  will  be  spent  at  100  percent  of  the  rated  load  (0.4 
horsepower  @  4,000  rpm);  One  half  of  the  test  time  will  be  spent  at  50  percent  of  the  rated 
load  (0.2  horsepower  @  3.000  rpm);  One  quarter  of  the  test  time  will  be  spent  at  25  percent 
of  the  rated  load  (0. 1  horsepower  @  2,(X)0  rpm). 

When  the  endurance  test  is  concluded  aiwther  maximum  power  test  will  be  performed  in 
order  to  determine  whether  any  measurable  degradation  occurred. 
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Appendix  B 

TABULATED  RESULTS 


Tests 

Engine  1 

Engine  2 

Engine  3 

Max  power 
(hp)  tcst/raling 

* 

0.25  @  4400  rpm; 
0.40  @  4000  rpm 

power 

demonstrated 
per  pound 
hp/pound 

* 

0.036 

** 

power  per  volume 
hp/cubic  inch 

0.3125 

torque  oz-in 

* 

56.6 

BSFC  @  max 
power 

Ib/hp-hr 

2.15 

** 

*  Engine  I  was  used  for  practice  runs  only 
**  Engine  3  did  not  run  well  enough  to  get  data;  failed  due  to  excessive  seal  leakage 
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MIGRATING  COMBUSION 
CHAMBER  ENGINE  DATA 


MIGRATING  COMBUSTION  CHAMBER  ENGINE  TEST  DATA 


MIGRATING  COMBUSTION  CHAMBER  ENGINE  TEST  DATA 


T  EM  FERATURFS:  1 -COOI 


Distribution  for  Report  #2538 


r»^i’ 


DEPARTMENT  OF  DEFENSE 

1  Director,  Technical  Information 
Defense  Advanced  Research 
Projects  Agency 
1400  Wilson  Blvd 
Arlington,  VA  22209 

1  Director 

Defense  Nuclear  Agency 
ATTN:  TITL 
Washington,  DC  20305 

2  Defense  Technical  Information  Center 
Cameron  Station 

Alexandria,  VA  22314 

1  Conunander 

US  Army  Materiel  Command 
ATTN:  AMCCE-Q 
5001  Elsenhower  Ave 
Alexandria.  VA  223334)001 

1  Commander 

US  Army  Armament,  Munitions,  and 
Chemical  Cc  nmand 
ATTN:  AMSMC-QA 
Rock  Island.  IL  61299-6000 

1  Commander 

US  Troop  Support  Command 
ATTN:  AMSTR-Q 
4300  Goodfellow  Blvd 
St.  Lx>uls,  MO  63120 

1  Commander 

US  Army  Natick  RD&E  Center 
ATTN:  STRNC-EP 
Natick.  MA  01760-5014 

1  Commander 

US  Army  LABCOM 
ATTN:  AMSLC-PA 
AdelphI,  MD  20783-1145 

1  Commander 

US  Army  Communication  Electronics 
Command 
ATTN:  AMSEL-ED 
Fort  Monmouth,  NJ  07703-5000 


1  US  Army  Chemical  Research, 

Development  cuid  Engineering  Center 
ATTN:  AMSMC-QAV 
Edgewood.  MD  21010-5423 

1  US  Army  Armament  Research  and 
Development  Center 
ATTN:  SMCAR-QAH 
F*icatlnny  Arsenal,  NJ  07806-5000 

1  Commander 

US  Army  Aviation  Systems  Command 
ATTN.  AMSAV-Q 
4300  Goodfellow  Blvd 
St.  Louis,  MO  63120-1798 

I  Commander 

US  Army  Depot  System  Command 
ATTN:  AMSDS-Q 
Chambersburg,  PA  17201-4170 

1  Commander 

US  Army  Missile  Command 

ATTN:  AMSMI-Q 

Redstone  Arsenal,  AL  35898-5290 

1  Commander 

US  Army  Tank-Automotive  Command 
ATTN:  AMSTA-Q 
Warrea  Ml  48397-5000 

1  Commander 

US  Army  Test  and  Evaluation  Command 
ATTN:  AMSTE-AD 

Aberdeen  Proving  Ground,  MD  21005-5055 
1  Commander 

US  Army  Logistics  Management  Center 
ATTN:  AMXMC-ACM-MA 
Fort  Lee,  VA  23801-6042 

1  Director 

US  Army  Management  Engineering  College 
ATTN;  AMXOM-DO 
Rock  Island,  IL  61299-7040 

i  Chief 

Product  Assurance  and  Test  Field  Activity 
ATTN:  AMXQA 
Lexington,  KY  4051 1-5105 


1  Commander 

US  Army  Communication  Electronics 
Command 

ATTN:  AMSEL-ED-GS 

Fort  Monmouth,  NJ  07703-5000 


1  Director 

US  Army  Materiel  Systems  Analysis 
Agency 

ATTN;  AMXSY-R 

Aberdeen  Proving  Ground,  MD  21005-5071 
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DEPARTMENT  OF  THE  ARMY 

1  Commcinder,  HQ  TRADOC 
ATTN:  ATEN-ME 
Ft.  Monroe,  VA  23651 

I  HQDA  (DAMA-AOA-M) 

Washington,  DC  20310 

1  HQDA  (DAEN-RDL) 

Washington,  DC  20314 

1  HQDA  (DAEN-MPE-T) 

Washington,  DC  20314 

1  Commander 

US  Army  Missile  Command 
ATTN:  DRSMI-RR 
Redstone  Arsenal,  AL  35809 

1  Director 

US  Army  Materiel  Systems  Analysis 
Agency 

ATTN:  DRXSY-CM 

Aberdeen  Proving  Ground,  MD  21005 
1  Director 

US  Army  Ballistic  Research  Laboratory 
ATTN:  DRDAR-TSD-S  (STINFO) 
Aberdeen  Proving  Ground,  MD  21005 

1  Commander 

US  Army  Englnneer  School  and  Center 
ATTN:  ATSEDAC-LC 
Canadian  Liaison  Office  (Ma|.  S.  Allan) 
Fort  Leonard  Wood.  MO  65473 

1  Commander  and  Director 

USAE  Waterwats  Experiment  Station 
ATTN:  CEWES-IM-MI-R 

A.  Clark.  CD  Dept  10660 
3909  Halls  Ferry  Road 
Vicksburg,  MS  39180^199 


BELVOIR  RO&E  CENTER 
CIrculato 

1  Commander,  SATBE-Z 

Technical  Director,  SATBE-ZT 
Assoc  Tech  Dir  (E&A),  SATBE-ZTE 
Assoc  Tech  Dir  (R&D),  SATBE-ZRE 
Admin  Officer,  SATBE-ZA 
Sergeant  Major,  SATBE-ZM 
1  Advanced  Systems  Concepts  Dir,  SATBE-H 
Dir.,  Resource  Management  Office,  SATBE-C 
Dir.,  Information  Management  Dir,  SATBE-B 
Dir..  Facilities  and  Support  Dir,  SATBE-W 
Dir.,  Product  Assurance  &  Engr  Dir, 
SATBE-T 

Dir..  Combat  Engineering  Dir,  SATBE-J 
Dir.,  Logistics  Equipment  Dir,  SATBE-F 
10  SATBE-FGE 


2  Tech  Report  Office,  ASQNK-BRS-G 

1  Security  Ofc,  SATBE-S 

2  Tech  Librciry,  SATBE-BT 

1  Public  Affairs  Office,  SATBE-I 
1  Ofc  of  Chief  Counsel,  SATBE-L 

AMC  UBRARIES 

1  US  Army  Aberdeen  Proving  Ground 
ATTN:  STEAP-IM-AL 

Aberdeen  Proving  Ground,  MD  21005-5001 

1  Director,  US  Army  Ballistic  Research  Lab 
ATTN:  AMXBR-OD-ST 
Aberdeen  Proving  Ground,  MD  21005-5066 

1  HQ,  US  Army  TECOM 
ATTN:  AMSTE-TO-F 

Aberdeen  Proving  Ground,  MD  21005-5055 

1  Director,  US  Army  Laboratory  Command 
Materials  Technology  Laboratory 
ATTN:  SLCMT-IML 
Watertown.  MA  02172-0001 

1  Commander,  USA  Communications  & 
Electronics  Command 
ATTN:  AMSEL-ME-PSL 
Ft.  Monmouth.  NJ  07703-5007 

1  HQ,  US  Army  CECOM 
ATTN:  AM.>ELL-LG-JA 
Ft.  Monmcuth.  NJ  07703-5010 

1  Commander 

US  Army  Aviation  Systems  Command 
ATTN:  AMSAV-DIL 
4300  Goodfellow  Blvd,  East  2 
St.  Louis,  MO  63120-1798 

1  Commander 

US  Army  Armament,  Munitions  & 

Chemical  Command 
ATTN:  AMSMC-IMP-L 
Rock  Island,  IL  61299-6000 

1  Commander 

US  Army  Missile  Command 
ATTN:  AMSMI-RPR 

Redstone  Scientific  Information  Center 
Redstone  Arsenal,  AL  35898-5241 

1  Commander 

US  Army  Missile  Command 

ATTN;  AMSMl-YDL 

Redstone  Arsenal,  AL  35898-5500 

1  Director 

White  Sands  Missile  Range 
ATTN:  STEWS-TE-TL 

White  Sands  Missile  Range,  NM  88002-5029 
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1  Commander 

White  Sands  Missile  Range 

ATTN:  STEWS-DP-ML 

White  Sands  Missile  Range,  NM  88002-5039 

1  HQ,  US  Army  Materiel  Command 
ATTN:  AMCDMA-ML 
5001  Elsenhower  Ave 
Alexandria,  VA  223334X101 

1  Commander 

US  Army  Tank  Automotive  Command 
ATTN:  AMSTA-TSL 
Warren,  Ml  48397-5000 

1  Commander 

Automated  Logistics  Mgmt  Systems  Activity 

ATTN:  AMXAL-AAG 

PO  Box  1578 

St.  Louis,  MO  63188-1578 

1  US  Army  Armament  RD&E  Center 
ATTN:  SMCAR-TSS 
Bldg  59 

Dover,  NJ  07801-5001 

1  Commander,  USA  Aviation  Research  & 
Technology  Activity 
Applied  Technology  Directorate 
ATTN:  SAVDL-ATL-TSC,  Bldg  401 
Ft.  Eustls,  VA  23604-5577 

1  US  Army  Natick  RD&E  Center 
ATTN:  STRNC-ML 
Natick,  MA  01760-5000 

1  US  Army  Tank  Automotive  Command 
ATTN:  AMSTA-TSL 
Warren,  Ml  48090-5000 

1  Commander 

US  Army  Armament  RD&E  Center 
Benet  Weapons  Lab 
ATTN:  SMCAR-CCB-TL 
Watervllet  Arsenal 
Watervllet,  NY  12189-5000 

1  Commander 

US  Army  Yuma  Proving  Ground 
ATTN:  STEYP-IM-AT 
Yuma,  AZ  85365-9102 

1  Commandant 

US  Army  School  of  Engineering  &  Logistics 
ATTN:  AMXMC-SEL4, 

Red  River  Army  Depot 
Texarkana,  TX  75507-5000 

1  Commander 

Letterkenny  Army  Depot 
ATTN:  SDSLE-SWIM 
Chambersburg,  PA  17201-4150 


1  Commander 

New  Cumberland  Army  Depot 

ATTN:  SDSNC-D-DA 

New  Cumberland,  PA  17070-4150 

1  Commander 

Seneca  Army  Depot 
ATTN:  SDSSE-TR 
Romulus,  NY  14541-5110 

1  Commander 

Sierra  Army  Dep)ot 
ATTN:  SDSSl-CSB 
Herlong,  CA  96113-5110 

1  Commander 

Sharpe  Army  Depot 
ATTN:  SDSSH-AMW-MSA 
Lathrop,  CA  95331-5124 

1  Commander 

Tobyhanna  Army  Depot 
ATTN.  SDSTO-DA-T 
Tobyhanna,  PA  18466-5099 

1  Commander 

Tobyhanna  Army  De[>ot 
ATTN:  SDSTO-TM 
Tobyhanna,  PA  18466-5097 

1  Commander 

Sacramento  Army  Depot 
ATTN:  SDSSA-AAD-W 
Sacramento,  CA  95813-5009 

1  Commander 

Corpus  Christ!  Army  Depot 

ATTN:  SDSSC-AAR 

Corpus  ChristI,  TX  7841^^020 

1  US  Army  Foreign  Science  &  Technology  Ctr 
ATTN:  AMXST-IS3 
220  7th  Street,  NE 
Charlottesville.  VA  22901-5396 

OTHER  ARMY  LIBRARIES 

1  Director 

US  Army  TRADOC  Systems  Analysis  Acty 
ATTN:  ATAA-SL  (Tech  Library) 

White  Sands  Missile  Range,  NM  88002 

1  US  Army  Aviation  School  Library 
PO  Drawer  0 
Ft.  Rucker.  AL  36360 

1  US  Military  Academy 

ATTN:  Mr.  Egon  Weiss,  Librarian 
West  Point,  NY  10996 


1  Commandant 

US  Army  Engineer  School 
ATTN:  Library 

Tt.  Leonard  Wood,  MO  65473 
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1  US  Army  Humphrey's  Engr  Spt  Activity 
ATTN:  Library  Branch 
Ft.  Belvolr,  VA  22060 

1  Engineer  Topographic  Lab 
ATTN:  STINFO 
Ft.  Belvolr.  VA  22060 

1  Pentagon  Library 

ATTN:  Chief,  Reader's  Services  Branch 
The  Pentagon,  Room  1A518 
Washington,  DC  20310 

1  US  Army  Corps  of  Engineers 
ATTN:  DAEN-ASI-Tech  Llbrcuy 
20  Massachusetts  Ave,  NW 
Room  31 19 

Washington,  DC  20314 

1  US  Army  Operational  Test  & 

Evaluation  Agency 
ATTN:  Tech  Library 
5600  Columbia  Pike,  Room  503 
Falls  Church.  VA  22401 

DOD  UBRARIES 

1  Naval  Mine  Warfcire  Engineering  Activity 
Code  322 

Yorktown.  VA  23691 
1  Commander 

Naval  Facilities  Engineering  Command 
ATTN:  Ubrary 
200  Svovall  St 
Alexandria,  VA  22332 

1  David  W.  Taylor  Naval  Ship  RD&E  Center 
Library  Division,  Code  5220 
Bethesda,  MD  20084 

1  Naval  Air  Systems  Command 
ATTN:  Tech  Library 
Alr00D4 

Washington,  DC  20361 

1  Naval  Surface  Weapons  Center 
ATTN:  Tech  Library 
Dahlgren,  VA  22448 

1  Naval  Research  Lab 
ATTN:  Tech  Library 
Washington,  DC  20375 

1  Naval  Surface  Weapons  Center 
ATTN:  Tech  Library 
Silver  Spring,  MO  20910 

1  Naval  Sea  Systems  Command 
Library  Documentation  Branch 
Sea  9661 

Washington,  DC  20362 


1  Naval  Ship  System  Engineering  Station 
Technical  Library 
Code  01  IF 
Bldg  619 

Philadelphia.  PA  19112 

1  Naval  Training  Equipment  Center 
ATTN:  Technical  Library 
Orlando,  FL  32813 

1  HQ.  USMC 

Marine  Corps  Technical  Library 
Code  LMA-1 
Washington,  DC  20314 

1  Air  Force  Systems  Command 
Technlccd  Information  Center 
HQ  AFSC/MPSLT 
Andrews  AFB,  DC  20334 

1  HQ  AF  Engineering  &  Services  Center 
Tech  Library  FL  7050 
Tyndall  AFB,  FL  32403 

1  Defense  Systems  Management  College 
ATTN:  Library 
Bldg  205 

Ft.  Belvolr.  VA  22060 

1  Director,  Defense  Nuclear  Agency 
ATTN:  TITL 
Washington,  DC  20305 

OTHER  FEDERAL  UBRARIES 

1  Geological  Survey  Library  (GIS) 
National  Center,  Stop  950 
12201  Sunrise  Valley  Drive 
Reston,  VA  22092 

1  National  Bureau  of  Standards  (NBS) 
EOl  Administration  Building 
Washington,  DC  20234 

1  Department  of  Transportation  Library 

FOB  lOA  M494-6 
800  Independence  Ave,  SW 
Washington,  DC  20591 
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